From formamide to purine: a self-catalyzed reaction pathway provides a feasible mechanism for the entire process.
A formamide self-catalyzed mechanistic pathway that transforms formamide to purine through a five-membered ring intermediate has been explored by density functional theory calculations. The highlight of the mechanistic route detailed here is that the proposed pathway represents the simplest and lowest energy reaction pathway. All necessary reactants, including catalysts, are generated from a single initial compound, formamide. The most catalytically effective form of formamide is found to be the imidic acid isomer. The catalytic effect of formamide has been found to be much more significant than that of water. The self-catalytic mechanism revealed here provides a pathway with the lowest energy barriers among all reaction routes previously published. Several important reaction steps are involved in this mechanistic route: formylation-dehydration, Leuckart reduction, five- and six-member ring-closing, and deamination. Overall, a five-membered ring-closing is the rate-determining step in the present catalytic route, which is consistent with our previous mechanistic investigations. The activation energy of this rate-controlling step (ca. 27 kcal/mol) is significantly lower than the rate-determining step (ca. 34 kcal/mol) in the pathway from 4-aminoimidazole-5-carboxamidine described by Schleyer's group (Proc. Natl. Acad. Sci. U.S.A. 2007, 104, 17272-17277) and in the pyrimidine pathway (ca. 44 kcal/mol) reported by Sponer et al. (J. Phys. Chem. A 2012, 116, 720-726). The self-catalyzed mechanistic pathway reported herein is less energetically demanding than previously proposed routes.